INTRODUCTION
============

Incretin-based therapy is rapidly becoming a main glycemic control strategy in diabetes \[[@B1],[@B2]\]. With heterogeneous evidence of the cardiovascular benefit, mortality, and potential risks of intensive glycemic control reported in several recent clinical trials, achieving good blood glucose control without increasing cardiovascular risk factors such as hypoglycemia and body weight gain is becoming more important \[[@B3],[@B4],[@B5],[@B6],[@B7]\]. With this in mind, incretin, especially glucagon-like peptide-1 (GLP-1)-based therapy, which includes GLP-1 receptor (GLP-1R) agonist and dipeptidyl peptidase-4 (DPP-4) inhibitor treatment, has several benefits. It increases insulin secretion in a glucose-dependent manner, does not cause hypoglycemia and does not cause body weight gain \[[@B8]\]. Despite such benefits, concerns about pancreatitis, pancreatic ductal hyperplasia, pancreatic cancer and thyroid cancer remain in long-term incretin-based treatment due to the effects of GLP-1 on cell growth and proliferation \[[@B9],[@B10],[@B11],[@B12],[@B13]\]. According to several large recent clinical trials and thorough examination of GLP-1R expression in various pancreatic pathologic conditions, these kinds of concerns in humans have decreased but have not clearly vanished \[[@B14],[@B15],[@B16],[@B17]\]. The association of incretin-based therapy with thyroid cancer originates from preclinical data showing the elevation of calcitonin and occurrence of hyperplasia and tumors arising from rat thyroid gland parafollicular C cells after treatment with liraglutide, a GLP-1R agonist \[[@B18],[@B19],[@B20]\]. Unlike the rat thyroid gland, the human thyroid gland has far fewer C cells and no case of medullary thyroid cancer (MTC) has been reported before now \[[@B21],[@B22]\]. However, some data suggest an increased risk of thyroid cancer in patients treated with a GLP-1R agonist or DPP-4 inhibitor, although the methods of analysis were questioned after publication \[[@B13]\]. Moreover Gier et al. \[[@B22]\] recently reported the possibility of GLP-1R expression in papillary thyroid carcinoma (PTC). Considering the increasing numbers of PTC cases, the expression of GLP-1R in a subset of PTCs is likely to be more significant than the possibility of C cell neoplasms. We performed this study to confirm the existence of GLP-1R in PTC tissue and the clinical meaning of GLP-1R expression in PTC.

METHODS
=======

Subject selection
-----------------

Individuals were selected for the present study from the Department of Pathology at Kosin University Gospel Hospital. A database was searched for cases submitted for postoperative pathologic diagnosis between March 2013 and September 2014. Fifty-six cases of PTC, four cases of MTC, and seven cases of nodular hyperplasia were selected for immunostaining and analysis of clinical parameters. Peritumoral normal thyroid tissues from 56 PTC patients were used as a normal thyroid tissue control. Clinical parameters were obtained by retrospective review of medical records for the selected cases.

Use of all slides, paraffin-embedded tissue blocks and clinical information was ethically approved by the Institutional Review Board (KUGH no. 91961-ABG-14-032).

Immunohistochemical staining
----------------------------

### Staining methods

Immunohistochemical staining was carried out on representative formalin-fixed, paraffin-embedded tissues using the Bond Polymer Refine Detection system (Leica Biosystems Newcastle Ltd., Newcastle, UK) according to the manufacturer\'s instructions, with minor modifications. Briefly, 4-µm sections of formalin-fixed and paraffin-embedded tissues were deparaffinized using Bond Dewax Solution (Leica Biosystems Newcastle Ltd.) and antigen retrieval was achieved by incubation with Bond Epitope Retrieval Solution 1 (Leica Biosystems Newcastle Ltd.) for 20 minutes at 98℃. Then, endogenous peroxidase was quenched by incubation with hydrogen peroxide for 15 minutes. Sections were incubated for 15 minutes at ambient temperate with a polyclonal rabbit anti-human GLP-1R antibody (ab39072, Abcam, Cambridge, UK) at a dilution of 1:1,000, using a biotin-free polymeric horseradish peroxidase linker antibody conjugate system. The signal was developed with the chromogen 3,3\'-diaminobenzidine in a Bond-Max automatic slide stainer (Leica Biosystems Melbourne Pty Ltd., Melbourne, Australia). For comparison, four cases of MTC and seven cases of nodular hyperplasia diagnosed during the same period were immunostained for GLP-1R. Islet cells of the pancreas and thyroid vessels were used as positive and negative control tissues for immunostaining, respectively.

### Evaluation method

Whole tumors were evaluated for staining intensity and distribution of stained cells. Staining intensity was scored as follows: absent (no staining or ambiguous staining; [Fig. 1A, B](#F1){ref-type="fig"}), weak (weaker staining than in control tissue; [Fig. 1C](#F1){ref-type="fig"}), or strong (similar staining intensity as for control tissue; [Fig. 1D](#F1){ref-type="fig"}). The distribution of stained cells was evaluated as the average percentage of stained tumor cells. A strong intensity was considered positive, regardless of the distribution. A weak intensity was considered positive when the stained cells accounted for more than 5% of the whole tumor section. Tumors exhibiting weak immunoreactivity in less than 5% of the whole tumor were considered negative (ambiguous staining).

Clinical parameters
-------------------

We retrospectively reviewed medical records for the patients who were selected for GLP-1R immunohistochemical staining. Age, sex, and serum levels of thyroid hormones, thyroglobulin, anti-thyroglobulin antibody and calcitonin, checked before surgery, were reviewed. Tumor size, lymph node (LN) metastasis status, extrathyroidal extension (ETE) and tumor multifocality were reviewed by a pathologist postoperatively with resected tumor tissues. For analysis of the correlations of GLP-1R positivity with clinicopathologic parameters in PTC, age and tumor size were dichotomized as \<45 and ≥45 years and \<1 and ≥1 cm, respectively.

Statistical analysis
--------------------

Statistical significance for continuous variables was assessed by Student *t* test. Univariable analysis of the significance of GLP-1R expression was performed by chi-square test and Fisher exac*t* test; multivariable analysis of the significance of GLP-1R expression was conducted by logistic regression. *P* values of \<0.05 were considered to indicate statistical significance. Data were analyzed using SPSS version 18.0 (IBM Co., Armonk, NY, USA).

RESULTS
=======

Immunohistochemical staining of GLP-1R
--------------------------------------

Immunohistochemical staining of GLP-1R in PTC showed cytoplasmic expression in 18 of 56 cases (32.1%) ([Table 1](#T1){ref-type="table"}). The expression of GLP-1R was strong in two cases (100% and 80% intensity) and weak in 16 cases, in which the distribution was usually diffuse and over 50%, except for two cases with distributions of 20%. All four cases of MTC exhibited strong cytoplasmic expression of GLP-1R, albeit the staining was focal ([Table 1](#T1){ref-type="table"}, [Fig. 2A, B](#F2){ref-type="fig"}). The mean serum calcitonin level was 1.65±1.78 in the PTC group and 629.3±314.7 pg/mL in the MTC group. There was strong cytoplasmic expression of GLP-1R in two of seven cases of nodular hyperplasia (28.6%) ([Table 1](#T1){ref-type="table"}, [Fig. 2C, D](#F2){ref-type="fig"}). Very few non-neoplastic follicular cells in the adjacent thyroid parenchyma were positive for GLP-1R (less than 5% of the distribution) or exhibited ambiguous granules in contact with colloid showing non-specific immunoreactivity ([Fig. 3](#F3){ref-type="fig"}). These findings were insufficient to interpret as positive immunoreactivity. Some cases showed strong GLP-1R expression in C cells of the adjacent thyroid parenchyma ([Fig. 3A](#F3){ref-type="fig"}).

Baseline clinical characteristics
---------------------------------

There were no significant differences in age, sex ratio, or tumor size between GLP-1-positive and -negative PTC ([Table 2](#T2){ref-type="table"}). Mean thyroglobulin was 36.77±59.9 ng/mL (range, 0.89 to 311.00) in the GLP-1R-negative group and 38.56±58.6 ng/mL (range, 3.33 to 255.80) in the GLP-1R-positive group (*P*=0.916); serum calcitonin was 1.634±1.917 pg/mL (range, 1.0 to 11.8) in the GLP-1R-negative group and 1.676±1.476 pg/mL (range, 1.0 to 5.5) in the GLP-1R-positive group (*P*=0.974). Preoperative levels of thyroid hormones, including total triiodothyronine, free thyroxine, and thyroid-stimulating hormone, were similar in the two groups.

Differences in clinical and pathologic parameters in PTC according to GLP-1R expression
---------------------------------------------------------------------------------------

We compared several clinical parameters, including age, sex, and tumor size, and pathologic prognostic parameters such as LN metastasis, multifocality, ETE of tumors and anti-thyroglobulin antibody status between the GLP-1R-positive and -negative groups ([Table 3](#T3){ref-type="table"}). In univariable analyses, tumor multifocality was significantly negatively correlated with expression of GLP-1R in PTC (odds ratio \[OR\], 0.257; 95% confidence interval \[CI\], 0.071 to 0.926; *P*=0.044), and extrathyroidal tumor extension showed a non-significant positive correlation with GLP-1R expression (OR, 3.022; 95% CI, 0.947 to 9.646; *P*=0.057). In multivariable analyses, tumor multifocality was the only variable that was negatively correlated with expression of GLP-1R in PTC (adjusted OR, 0.172; 95% CI, 0.037 to 0.797; *P*=0.024); extrathyroidal tumor extension was non-significantly associated with GLP-1R expression (OR, 3.46; 95% CI, 0.879 to 13.618; *P*=0.076). Sex, patient age (\<45 or ≥45 years), tumor size (\<1 or ≥1 cm), LN metastasis, and presence of anti-thyroglobulin antibodies were not significantly associated with GLP-1R expression.

DISCUSSION
==========

Our objectives in this study were to determine the expression of GLP-1R in PTC and to evaluate the clinicopathologic significance of GLP-1R expression in PTC. This study demonstrated that some PTC tissues expressed GLP-1R (18 of 56 cases, 32.1%). There are few data on the expression of GLP-1R in PTC and normal thyroid tissues. Gier et al. \[[@B22]\] reported positive immunoreactivity for GLP-1R in PTC tissues, detected using a polyclonal anti-GLP-1R antibody. Their study aimed to establish whether C cells in human MTC, C cell hyperplasia and normal human thyroid express GLP-1R. The expression of GLP-1R in PTC was an unexpected finding and only three of the 17 PTC tissue samples (18%) expressed GLP-1R. The number of PTC tissues in our study was higher than in previous studies, reducing the possibility of negative or positive immunoreactivity occurring by chance. In our study, we ascertained the expression of GLP-1R in PTC, as well as the rate of GLP-1R expression in PTC which reached almost 30%, more than in previous reports. Recently, Waser et al. \[[@B17]\] reported no expression of GLP-1R in eight cases of PTC by immunohistochemical staining using an anti-GLP-1R monoclonal antibody (MAb 3F52) and in vitro autoradiography. They suggested that the discrepancy compared with previous reports was caused by the different specificity of the antibody used. Therefore, thorough examination of GLP-1R expression with different specific antibodies and various validation methods in large numbers of PTC samples is warranted.

Interestingly, we found GLP-1R immunoreactivity in two of seven cases of nodular hyperplasia (28.6%), but none of the 56 normal peritumoral thyroid tissue samples showed GLP-1R expression. Regarding the expression of GLP-1R in non-tumorous tissues, our result concurs with several previous studies. Waser et al. \[[@B21]\] examined human tissues including normal and cancerous tissues and found that normal human thyroid tissue from non-neoplastic and neoplastic thyroid glands did not express GLP-1R (0/6, 0%). Korner et al. \[[@B23]\] studied the expression of GLP-1R in various human thyroid tissues by scintigraphy. They demonstrated that few normal thyroid tissue expressed GLP-1R (1/18, 6%). Gier et al. \[[@B22]\] reported different expression of GLP-1R in non-tumorous thyroid tissue according to inflammation status. Normal thyroid tissues with inflammation expressed GLP-1R (2/3, 33%), but normal thyroid tissue without inflammation did not show GLP-1R expression (0/7, 0%). In our study, we did not distinguish between non-tumorous peritumoral thyroid tissue according to inflammation, but none of the tissue samples showed GLP-1R expression according to our definition of positive immunoreactivity for GLP-1R expression. However, taken together, the negative GLP-1R expression in normal thyroid tissues, positive GLP-1R immunoreactivity in non-tumorous thyroid tissues with inflammation and positive GLP-1R immunoreactivity in benign and malignant tumorous conditions suggest that GLP-1R may be aberrantly induced in cells originating from thyroid follicles by inflammation, cellular hyperplasia or tumorigenesis. The pathogenic mechanism is not known and the GLP-1R ligand GLP-1 may affect the development or behavior of the tumor.

In this study, we analyzed several clinicopathologic factors known to be associated with the prognosis in PTC, including age, gender, primary tumor size, extrathyroidal tumor extension, LN metastasis, and tumor multifocality \[[@B24],[@B25],[@B26],[@B27]\]. Among these factors, only tumor multifocality was significantly negatively correlated with GLP-1R expression in both univariable and multivariable analyses. This finding suggests that GLP-1R expression is associated with less possibility of multifocality in PTC and can be considered a good prognostic signal, although the prognostic significance of multifocality in PTC is still controversial. Several studies suggest that multifocal PTC was associated with an increased risk of regional LN metastasis or tumor recurrence \[[@B27],[@B28],[@B29]\]. However, other studies did not support the clinical significance of tumor multifocality \[[@B30],[@B31],[@B32]\]. Moreover, although statistically insignificant, extrathyroidal tumor extension, which is known to be associated with poor prognosis in PTC, showed a non-significant positive correlation with GLP-1R expression in PTC in our study. Until now, there has been no report on the clinical significance of GLP-1R expression in PTC. Therefore, the prognostic significance of GLP-1R expression in PTC remains unclear.

Although there are no data for the effects of GLP-1R activation on the proliferation and apoptosis of thyroid cancer cells originating from follicular cells, we can deduce the pathogenic mechanism of clinical significance from several previous reports. The effects of GLP-1R activation are mediated by the activation of downstream signals that increase cellular cyclic AMP (cAMP) levels \[[@B33],[@B34],[@B35]\]. cAMP has both pro-apoptotic and anti-apoptotic action in a large number of different cells and even in the same cell. Whether cAMP activates or inhibits apoptosis in a particular cell is determined by the balance between a protein kinase A-mediated pro-apoptotic response and an exchange protein activated by cAMP (Epac)-mediated anti-apoptotic response \[[@B36]\]. Actually, several previous studies have shown that GLP-1 has different effects on proliferation and apoptosis in different cell types. In pancreatic β-cells and thyroid C cells, GLP-1 can activate proliferation and inhibit apoptosis \[[@B37],[@B38]\]. By contrast, in CT26 murine colon cancer cell line, GLP-1R agonist treatment inhibited cellular proliferation and induced apoptosis \[[@B39]\].

This study had several limitations. First, we used a commercial GLP-1R polyclonal antibody and did not validate its specificity. Second, the number of cases in this study was too small to determine the clinicopathologic significance of GLP-1R expression in PTC. Finally, we only used immunohistochemical staining to demonstrate the expression of GLP-1R in thyroid tissue. Nevertheless, this is the first study to reveal GLP-1R expression in a large number of PTC tissue samples. Also, this is the first study to evaluate the clinicopathologic meaning of GLP-1R expression in PTC.

In conclusion, some parts of PTC tissues express GLP-1R and GLP-1R expression in PTC was negatively correlated with tumor multifocality. Further study of the effect of GLP-1 on thyroid follicular cells and longitudinal observation of the association of long-term GLP-1R activation with PTC is needed to clarify the meaning of GLP-1R expression in PTC and the long-term effects of incretin-based therapy on the thyroid.
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![Glucagon-like peptide-1 receptor (GLP-1R) expression in papillary thyroid carcinoma (PTC) samples stained by immunohistochemistry. (A) No immunoreactivity (×400). (B) Ambiguous immunoreactivity. (×400) No and ambiguous immunoreactivity were considered as negative GLP-1R expression. (C) Weak immunoreactivity (×400). (D) Strong immunoreactivity (×400). (C) and (D) demonstrate positive GLP-1R expression in the cytoplasm of PTC cells and were considered as positive GLP-1R expression.](enm-29-536-g001){#F1}

![Glucagon-like peptide-1 receptor (GLP-1R) expression in medullary thyroid carcinoma and nodular hyperplasia. (A) and (B) show medullary thyroid carcinoma samples positive for GLP-1R, with strong (A) and mixed strong and weak (×400) (B) immunoreactivity (×400). (C) and (D) show nodular hyperplasia samples positive for GLP-1R. (C) Strong immunoreactivity (×400). (D) Weak immunoreactivity (×400).](enm-29-536-g002){#F2}

![Glucagon-like peptide-1 receptor (GLP-1R) expression in very few non-neoplastic follicular and C cells was considered as negative immunoreactivity. (A) Focal immunoreactivity (\<5%) for GLP-1R in non-neoplastic follicular cells and C cells (×400). (B) Non-specific ambiguous granular immunoreactivity in a few follicular cells in contact with colloid, which was considered as negative immunoreactivity (×400).](enm-29-536-g003){#F3}

###### 

Frequencies of Pathological Subtypes and Serum Calcitonin Levels
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Values are expressed as number (%) or mean±SD.

GLP-1R, glucagon-like peptide-1 receptor; PTC, papillary thyroid carcinoma; MTC, medullary thyroid carcinoma; NH, nodular hyperplasia; Control, normal peritumoral thyroid tissue.

###### 

Comparison of the Clinical Features of Papillary Thyroid Carcinoma between the GLP-1R Expression Groups
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Values are expressed as mean±SD.

GLP-1R, glucagon-like peptide-1 receptor; T3, triiodothyronine; Free T4, free thyroxine; TSH, thyroid stimulating hormone.

###### 

Analysis of Prognostic Factors Associated with Glucagon-Like Peptide-1 Receptor Expression in Papillary Thyroid Carcinoma
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Values are expressed as number (%).

OR, odds ratio; CI, confidence interval; LN, lymph node; ETE, extrathyroidal extension; Anti-Tg Ab, anti-thyroglobulin antibody.
